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Flight tests have been made on the Bell X-1 airplane b v k g  the 
10-percent-thick wing and the 8-percent-thick t a i l ' t o  evaluate the effects 
of fixing  the rudder and changing the Fnclinatfon of the  principal axes of 
inertia by reflexing  the landing flaps on the s n a k i n g  &i& has been 
encountered over practically  the  entire range of Mach number and normal- 
force  coefficient. The data were-obtained  during power-off glides a t  
altitudes between 32,000 and 16,000 feet. 

The results showed that fixing  the rudder reduced the amplitude of 
the snaking, but did not eliminate it a t  a Mach &er of 0.84. It was 
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principal axis of inertia 
stability, but had only a 
Mach number  of 0.85. 
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the flaps t o  change the  inclination of the 

lSo nose up increased  the dynamic lateral 
small effect on the snaking oscil lation  at  a 

INTROIXTCTION 

In fl ight  tests of the  Bell X-1 airplane  the  lateral  notion  resulting 
f r o m  a. large  disturbance €e initially w e d ;  however, a smal l  canstant- 
amplitude osci.&tion persists for cmsiderable  periods of time. Exmrples 
of the  oscillation were preeented in reference 1 with the coIlIputed la teral  
stabil i ty of the  airplane. These calculations  indicated no tendency 
toward the  neutral  oscillation  obtained in  flight. It was shown, hcswever, 
that a small, nose-up  change in the  inclination of the  principal axis of 
inertia. should improve the damping of the lateral  oscillation. The calcu- 
a t i o n s  reported in  reference 2 also indicate that a nose-up  change of 
about 2O magnitude would  decrease the time required t o  d a q  t o  half - 

D amplitude by about 4-0 percent. 

As the first steps in investigating, Fn*flf@;h;t, the causes for  the 
small-amplitude undamped lateral  oscillation it w&s decided t o  determine 
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effects  .of a small 4 m g e  in the  inclination of the principal a x i e  of 
iner t ia .  The resul ts  of these tests are  presented in this report. 

SYMBOLS 

B angle of sideslip,  degrees 

M Mach  number 

H preesure  altitude,  feet 

cNA 
normal-force coefficiept 

6F flap  deflection,  degrees . 

9 dynamic pressure, pounds per square foot 

n normal acceleration, g units 

W airplane weight, pounds 

S wing area,  square feet 

DESCRIPTION OF AIWLANE AM3 INSTRJMENTATION 
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The airplane i a  FnstruIlPented to  record  airspeed,  altitude, normal, 
transverse, and longitudinal  acceleratiom,  sideslip  angle, wing-flap 
poeition,  rate of ro l l ,   ra te  of  yaw, and elevator, rudder, afleron and 
stabil izer  poeit ions and forces. A l l  recorik &e s j n c b i d z e d  by a 
common timer. 

The Bell X-1 airplane  ia  a-single-place rocket-powered ai rp lane 
designed f o r  flight reeearch in  the transonic-speed range. A photograph 
of  the  airplane is sham as figure 1 and a three-view drawing giving the 
pertinent  dimenaim is given as figure 2. A complete description of  
the  airplane i s  given in reference 1. 

The wing landing flaps were modified-ao that they could be reflexed 
7' during night. 

I n  order t o  
control-position 
was suff ic ient ly  

determine i f  rudder snaking m a  present, a senaitive 
transhtter' wae placed at the rudder. This transmitter 
sensi t ive  to   detect  motions as small RS 0.05O. 

. 
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A l l  of the  data pmented were obtained with the Bel l  X-1 having 
the IO-percent-thick wing and the 8-percent-thick horizontal tail. The 
data were obtained in power-off glides with the  propellant tanks empty. 

Effect of fixing rudder.. It was felt   that ,  e+en  though the snaking 
was present at Mach m e r e  near I where the rudder has lost most of its 
effectiveness, a t  lower Mach numbers where the rudder is effective  the 
snaking mi@t be produced by small  rudder motions. Figure 3 presents 
time histories of the Bel l  X-1 enahing a t  a Mach number of 0.84 at 
altitudes between 28,OOO and 25,000 feet. Tfme history  (a) €E of a fliet in ~ M c h  the pilot -de no effort t o  hold  the rudder fixed. The 

anrplitude of the snaking oscillation i s  about in sideslip and the 
period has a length of about 1.3 secmds. The rudder is mov- during 

the  oscillathn with a t o t a l  anrplitude of about - . The direction of 

the rudder motion i s  such that, as the airplane sideslips  left,  the rudder 
moves t o  the right. The rudder motion appears t o  lag the  sideslipping 
very  slightly. Part (b) of figure 3 shows a time history of the snaking 
motions which x88 obtained while the p i l o t  waa holding  the rudder pedals 
fixed. No rudder motion is apparent during this record and the ~ n a k t q  
is  s t i l l  -present. The amplitude of the E M M J I ~  appears t o  be. reduced 
and the  length of the  period s l i&tly increased. This slight improvement 
indicates that the rudder may contribute t o  the s n a k i n g ;  hawever, the 
improvement i s  so slight that it i e  concluded that rudder ena;klng is not 
the prFmarg cause of the  oscillation. 
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Effect of refle- flaps.- In order t o  determine the effects of a 
small change of the angle of.  inclination of the  principal s x i s  of iuertia 
the wing flaps were reflexed 70. This amoullt of reflex 'V&E estimated t o  

produce a qose-up  change of about 12 in the  inclhatian of the  principal 

axis. The effects'of tEis flap reflex on the damping of the  lateral 
oscillation  resulting from a rudder disturbance are ahown ~LI figure 4. 
Records  were taken i n  glides a t  Mach numbem of about 0.7 t o  0.85 w i t h  
the  flaps  neutral and reflexed. In the maneuvers made at M Z 0.7, fig- 
ures &(a) and k(b),*the p i l o t  a t t eq ted  to hold  the rudder fixed durFng 
the  oscilhtiona following the abrupt rudder kicks while for manewere 
made a t  M x 0.85, figures  4(c) and &(a), the rudder was released  after 
bekg  neutralized following me rudder kicks. To show more clearly  the 
damping of these  records the double amplitude is presented  plotted  against 

curveB  have been arbitrarily' placed on the time scale t o  avoid confusion. 
This figure shows that + l e x i n g  the Slaps de6reased the time required 
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.I time on semilogari-thmic coordinates in figure 5. In this figure the 
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t o  damp t o .  half amplitude by about 20 percent a t  M Z 0.7 and about 
50 percent a t  PI W 0.83. The change in   a l t i tude between  run^ a t   the  
S k  Mach number accounts for part of this  increase in stability,  but 
the increase from the change in alt i tude should be less  than 'j percent 
at M Z 0.7 and x) percent a t  M rz 0.85. 

Records of the snaking oacillation with flaps neutral and reflexed 
7 O  with the rudder fixed at a Mach number of 0.85 and between 28,OOO and 
25,000 feet  pressure  altitude are presented in  figure 6 .  These recorde 
show a slight iqrovement in the .oscil lation as indicated by the reduc- 
t ion  in i ts  amplitude and the  irregularity of the motion. The improve- 
ment i s  about the s- mamtude as was effected by fixing the rudder. 
The motian wss not  eliminated, however, and, although the amplitude fa 
less, the oscil lation was st i l l  bothersome t o  the pi lot .  

From flight t e s t s  of the Bell X-1 airplane having the 10-percent- 
thick wing and the 8-percent-thick tail the following conclusione may 
be . & a w n :  

. . " 

1. Fixing  the  rudder  effected a reduction i n  amplitude of the enakhg 
oscillation  but did -not e l m a t e  it. in glidere at a Mach number of 0.84. h 

2. R e f l e a  the f h p s  t o  change the  inclination of the  principal 
axis i n  a nose-up direction  increased  the ayaamic lateral s t ab i l i t y  of 
the airplane and reduced the amplitude but  did not eliminate  the enaking 
o a c i u t i o n   i n  glides a t  a hch number of 0.85. 

s 

Langley Aeronautical  Laboratory 
National Advisory C o m m i t t e e  fo r  Aeronautice 

Langley Field, Va. 
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Figure 2.- Threecview drawing of the X-1 afrplane. 
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Figure 4.- Effect of reflexing wing flaps on wing of lateral oscfllation 
of Bell X-l airplane. 
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( c )  M x 0.85; flaps.  0 . 0 (a) M M 0.85; flap8 -70. 

Figure 4.- Concluded. 



Figure 5.- Variation of double amplitude of sideslip 'angle w i t h  time for 
B e l l  X - l  airplane. 
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